(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 0 916 853 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

19.05.1999 Bulletin 1999/20 

(21) Application number: 98309079.6 

(22) Date of filing: 05.11.1998 



(51) mt ci 6; F15B 20/00, F15B 15/08, 
F15B 15/18 



(84) 


Designated Contracting States: 


• Bernard, Steven Phillip 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Shewsbury, Massachusetts (US) 




MC NL PT SE 


• Robbie, Douglas Arthur 




Designated Extension States: 


Bellingham, Massachusetts (US) 




AL LT LV MK RO Si 








(74) Representative: Treves, Barry William et al 


(30) 


Priority: 18.11.1997 US 972443 


BTR Group Intellectual Property, 






Knights House, 


(71) 


Applicant: Worcester Controls Licensco 


2 Parade 




Wilmington, Delaware 19801 (US) 


JSutton Coldfield, West Midlands B72 1PH (GB) 


(72) 


Inventors: 




• 


Demerjian, Paul Dick 






Holden, Massachusetts (US) 





(54) Electro-hydraulic actuator 



(57) An electro-hydraulic valve actuator comprising 
an actuator casing, a piston/rack means (5) in the cas- 
ing; an output shaft (22) in communication with the pis- 
ton/rack means (5) for driving a valve, the output shaft 
(22) effecting rotational movements in response to the 
linear movements of the piston/rack means (5); resilient 
return means (1) biasing the reciprocating walls (25) of 
the piston/rack means (5) to a closed position; a pump- 



ing means (8); and a fail-safe solenoid valve system. 
Upon loss of power to the actuator, the fail-safe solenoid 
valve (29) opens to thereby cause the resilient return 
means (1 ) to force hydraulic fluid out of the centre cham- 
ber (24) through the primary and secondary internal flow 
paths (27 and 28), into at least one of the outside cham- 
bers (35), so that the piston/rack means(5) is returned 
to a closed position for rotating the output shaft (22) to 
drive the valve. 
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Description 

[0001] This invention relates generally to an electro- 
hydraulic actuator, and particularly to a fail-safe electro- 
hydraulic valve actuator. 

[0002] It is desirable for electrically operated valves 
in operating facilities in chemical, petrochemical and 
power industries to be provided with fail-safe mecha- 
nisms to open or close upon loss of electrical power or 
instrument control signal at the actuator. In various types 
of piping systems in these facilities, it is even essential 
to have valves fail in a "safe" position for safety, to avoid 
system damage, or to avoid loss of chemicals. For ex- 
ample, in many systems, hazardous chemicals must be 
contained or controlled, or reactions must be prevented 
or stopped, in the event of system failure. There are 
many types of fail-safe valve systems known in the art, 
such as electro-pneumatic, electro-hydraulic and elec- 
tro-mechanical systems. 

[0003] One type of electro-mechanical system known 
in the art comprises an electric valve actuator and a 
spring return mechanism. This actuator uses a motor 
and gearbox to actuate a valve and to wind up a spring 
which reverses upon loss of electrical signal or power 
to the actuator. The actuator can operate to hold the 
spring in the open position continuously or to actuate 
the spring with every turn. Actuators which energize the 
spring during every actuation have a disadvantage of 
increasing the power requirements to run the actuator 
motor to twice that required to run a motor of an actuator 
not having a fail-safe mechanism. If the spring is instead 
continuously held in the energized position, it is not ex- 
ercised until it is called upon to actuate the valve, thus 
increasing the likelihood of sticking components and ac- 
tuator malfunction. 

[0004] Alternatively, electric valve actuators use a 
battery backup to reverse actuator direction when a loss 
of power is detected at the actuator. However, batteries 
will only actuate the valve a limited number of times de- 
pending on the storage potential of the battery and the 
power requirements of the actuator. Failure to maintain 
the battery charged and in good working order will ne- 
gate the fail-safe feature of the actuator. 
[0005] A third way of providing fail-safe mechanisms 
for electrically actuated valves is to use a spring return 
arrangement whereby fluid is pumped into a chamber 
by a hydraulic pump driven by an electric motor. The 
fluid moves a piston(s) and rotates the output shaft, 
while compressing and energizing the return spring(s). 
An electrically controlled solenoid valve maintains the 
pressure developed in the chamber. Upon loss of power 
or electrical signal, the solenoid valve is opened which 
allows the spring(s) to return the fluid from the pressu- 
rized chamber to the non -pressurized reservoir. 
[0006] Examples of prior art electro-hydraulic valve 
actuators with spring returns are disclosed in US patent 
4,132,071, UK patent 2,005772 and Canadian patent 
2,202,821 . These electro-hydraulic actuators operate in 



similar manners whereby hydraulic fluid is pumped into 
a chamber which moves a piston against a spring. Re- 
lease of the pressure allows the spring to return the pis- 
ton and move the fluid from the pressurized centre to 
5 the un-pressurized end cap or spring housing. 

[0007] Prior art electro-hydraulic actuators such as 
those mentioned above have several disadvantages, in- 
cluding; 1) using scotch yoke and spur gear systems 
with a piston rod for changing linear motion in the actu- 
io ator to rotary output motion, thus limiting rotary motion 
to a maximum of 90 degrees; 2) using external conduits 
which are susceptible to freezing, breakage and leak- 
age; 3) using external cylinders to house fail safe 
springs, thus requiring rod spring guide systems to en- 
*s sure linear compression of the spring without distortion; 
and 4) using only one solenoid valve for both fail-safe 
operation and position controlling. 
[0008] It is an object of the present invention to pro- 
vide an electro-hydraulic actuator which does not suffer 
20 from, or suffers less from, the aforementioned disadvan- 
tages. 

[0009] In accordance with the present invention an 
electro-hydraulic actuator comprises an actuator casing 
and a piston/rack means within the casing having walls 
25 reciprocating linearly to effect linear movements, the re- 
ciprocating walls defining a centre chamber therebe- 
tween and two outside chambers inside the casing. An 
output shaft is in communication with said piston/rack 
means for driving a valve, the output shaft effecting ro- 
30 tational movements in response to the linear move- 
ments of said piston/rack means. A resilient return 
means is provided which engages the reciprocating 
walls of the piston/rack means and inner end walls of 
the casing, and biases the reciprocating walls of the pis- 
35 ton/rack means to a closed position. 

[0010] The actuator further includes a pumping 
means and preferably a check valve located at the outlet 
of the pumping means. A primary internal flow path is 
provided for transferring fluid from the pumping means 
40 to a first output port and into the centre chamber, where- 
in the fluid causes the piston/rack means to expand on 
the casing and transmit linear motion of the piston/rack 
means to the output shaft. 

[0011] A fail-safe solenoid valve system is further pro- 
45 vided comprising a secondary internal flow path con- 
necting to and extending from the primary internal flow 
path to a second outlet port opening into at least one of 
the outside chambers, and a normally closed solenoid 
valve in the secondary flow path preventing flow through 
50 the secondary flow path wherein, upon loss of power to 
the actuator, the solenoid valve opens allowing the re- 
silient return means to force fluid out of the centre cham- 
ber, through the primary and secondary internal flow 
paths, and into at least one of the outside chambers, 
55 and to return the piston/rack means to a closed position, 
thereby rotating the output shaft in communication with 
a device to be turned. 

[0012] Preferably, the piston/rack means is capable 
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of transmitting enough linear movement so that the out- 
put shaft can rotate up to 360 degrees. 
[0013] Further, the electro-hydraulic actuator may 
comprise at least one internal guide rod for guiding the 
linear motion of the piston-rack means in the casing, s 
wherein, preferably, at least one of the internal guide 
rods contains the first output port from the primary flow 
path and fluid flowing to and from the primary flow path 
to the centre chamber flows through the internal guide 
rod and the first output port in said internal guide rod. io 
[0014] A positioning solenoid valve system may be 
provided including a tertiary internal flow path connect- 
ing to and extending from said primary internal flow path 
to said second outlet port and a normally closed posi- 
tioning solenoid valve in said tertiary flow path prevent- is 
ing flow through said tertiary flow path wherein, to par- 
tially close said actuator piston/rack means, said posi- 
tioning solenoid valve is opened buy a positioning con- 
troller allowing said resilient return means to force fluid 
out of said centre chamber, through said primary and 20 
tertiary internal flow paths, and into at least one of said 
outside chambers and to move said piston/rack means 
to a partially closed position whereby said positioning 
controller closes said positioning solenoid valve. The 
positioning solenoid valve preferably has a smaller flow 25 
capacity than said fail-safe solenoid valve. 
[0015] One or more push rods may be provided for 
monitoring the position of said piston/rack means and a 
limit switch may be provided for stopping pumping of the 
pumping means when the push rod indicates said pis- 30 
ton/rack means is fully open. 

[0016] One embodiment of the invention will now be 
described by way of example only with reference to the 
accompanying drawings of which:- 

35 

Figure 1 is a perspective view of an electro-hydrau- 
lic actuator according to the present in- 
vention; 

Figure 2a is a perspective cut away view of the hy- 
draulic piston assembly of the actuator *o 
showing the position of the piston/rack 
means when the actuator is pressurized; 

Figure 2b is a perspective cut away view of the hy- 
draulic piston assembly of the actuator 
showing the position of the piston/rack 45 
means when the actuator is unpressu- 
rized; 

Figure 3 is a side view of the casing of an actuator 
according to the present invention; 

Figure 4 is a sectional view of Figure 3 taken at so 
section line 1 -1 and showing internal com- 
ponents of an actuator according to the 
present invention; and 

Figure 5 shows a flow path schematic of the hy- 
draulic fluid in internal casted flow paths ss 
of an actuator according to the present in- 
vention. 



[0017] Figure 1 shows a preferred embodiment of an 
electro-hydraulic actuator according to the present in- 
vention. The actuator has no external plumbing connec- 
tions which are susceptible to freezing, breakage, leak- 
age associated with tubing connections and hydraulic 
joints. The actuator is completely self-contained and us- 
es internal cast flow paths to move fluid to and from the 
various operating components of the actuator. The ac- 
tuator has no atmospheric vented reservoir and can be 
mounted in any orientation. 

[001 8] The actuator preferably comprises a pump and 
motor assembly 8 including a gerotor positive displace- 
ment pump element 18 (not shown in Figure 1), plates 
to house the gerotor 1 9 and a motor 20 close coupled 
to the gerotor 1 9 to turn the gerotor 1 9 and create pump- 
ing action. A gerotor positive displacement pump ele- 
ment advantageously provides faster operational 
speeds than hydraulic units using a spur gear or a dia- 
phragm pump. 

[001 9] A pump end casing 7 provides a mount for the 
pump and motor assembly 8, solenoid valve 10 and op- 
tional solenoid valve 9, and also provides a mechanism 
for fluid transfer within the actuator including to and from 
solenoid valves 9 and 10 and the pump and motor as- 
sembly 8. The pump end casing preferably also includes 
a one-way check valve 11 to prevent back flow into the 
pump. 

[0020] As shown in Figure 4, the hydraulic piston as- 
sembly of the actuator preferably comprises piston re- 
turn springs 1, piston/rack 5, internal guide rods 4, a 
splined output shaft 22, and output shaft connections 21 
(see Figure 3). As shown in Figures 2a and 2b, the out- 
put shaft connections 21 are connected to output pinion 
6 and are concentrically surrounded by hydraulic pinion 
seals. Pinion 6 is connected to a device to be turned, 
such as a valve. However, the actuator of the present 
invention can also be used for operating a damper, lou- 
vre or other device which require a rotary motion to ef- 
fect a change in operation. 

[0021] The hydraulic piston assembly is operated by 
fluid pressure entering the assembly from the pump end 
casing 7 through output port 23 preferably located in one 
f>i the internal guide rods 4 and into centre chamber 24 
between piston/rack walls 25. As the pressure increas- 
es, the centre chamber 24 fills with fluid and presses 
piston/rack walls 25 outward against the action of return 
springs 1 . Internal guide rods 4 keep the piston/rack 5 
square to the pinion 6 during movement. As piston/rack 
walls 25 move outward, teeth 26 on the piston/rack 5 
engaging corresponding teeth on the output shaft 22 
turn the output shaft 22 and pinion 6 (shown in Figure 
2a). The pinion 6 is connected to a valve (not shown) 
and the turning action of the pinion 6 is transmitted to a 
valve by any number of means known in the prior art. 
[0022] A limit switch end casing 12 houses limit 
switches 1 3 and connecting push rods 1 4 which monitor 
the piston position and control the actuator when it 
reaches full stroke. When the actuator reaches its fully 
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open position, connecting push rods 14 are displaced 
toward the limit switch end casing 12 which activates 
the limit switches 13. The limit switches 13 then shut 
down the pump and motor. No external gearing, cams 
or rods are used. Conduit connections 1 5 and terminal 5 
strips 16 are also provided for wiring the motor, position 
control electronics, or for providing a drain port if de- 
sired. 

[0023] The operation of the fail-safe mechanism will 
now be described. An in-line check valve 11 is posi- w 
tioned at the outlet of pump and motor assembly 8 to 
prevent back flow of fluid into the pump and motor as- 
sembly 8 when not operating (see Figures 1, 4 and 5). 
As shown in the fluid flow schematic of Figure 5, fluid is 
pumped from the check valve 11 through flow path 27 is 
to the hydraulic piston assembly and through port 23 
(see Figure 4) in internal guide rod 4 to operate piston/ 
rack 5 as discussed above with reference to Figure 4 
Alternative flow path 28 leads to solenoid valve 29, the 
"fail-safe" solenoid valve (shown in a "closed" position). 20 
[0024] In systems with only one solenoid valve, when 
the actuator is energized, solenoid valve 29 is closed 
and hydraulic fluid flows only to the hydraulic piston as- 
sembly. If there is loss of power to the actuator, or the 
actuator is deenergized, solenoid valve 29 opens allow- 2s 
ing the return springs 1 to force fluid to move out of the 
centre chamber 24 and rotate pinion 6 to the "fail-safe" 
position. The fluid forced out of the centre chamber 24 
flows through paths 27 and 28 to path 30 (see Figure 5) 
into the hydraulic piston assembly and through port 34 30 
(see Figure 4) into an outside chamber 35 as shown in 
Figure 4. 

[0025] Preferably, the electro-hydraulic actuators of 
the present invention have two solenoid valves which 
operate independently from one another. However, a 35 
person skilled in the art can readily apply the principles 
of the invention to actuators having three or more sole- 
noid valves. As discussed above, solenoid valve 29 is 
used for "fail-safe" operation. In the event of power fail- 
ure, or power shut off to the actuator, solenoid valve 29 40 
opens and allows the return springs 1 to force the actu- 
ator into a "fail-safe" position. Means for signalling the 
solenoid valve 29 to open upon power failure are well 
known in the art. 

[0026] Positioning solenoid valve 31 , as shown in Fig- 45 
ure 5, is connected to flow path 27 by flow path 32, on 
either side of where flow path 28 connects to flow path 
27. Positioning solenoid valve 31 is normally closed and 
is used in conjunction with a positioning controller (not 
shown) mounted to the actuator for intermediate actua- so 
tor positioning. Positioning solenoid valve 31 preferably 
has a smaller capacity than the "fail-safe" solenoid valve 
to allow for finer control of the speed and positioning of 
the actuator to avoid overshoot. 

[0027] When power is applied to the unit, the position- ss 
mg solenoid valve 31 and fail-safe solenoid valve 29 are 
closed and remain closed until some further change in 
the system. To open the actuator to an initial position not 



fully open, the controller limits the power to the motor to 
that necessary to open the actuator to the particular po- 
sition for which the controller is set. The check valve 11 
maintains the required flu id pressure to hold the actuator 
at the desired position. To further open the actuator to 
a different position, the motor is started and the control- 
ler provides increased power to the motor to push more 
fluid into the centre chamber 24. 
[0028] To partially close the actuator to a different po- 
sition, the controller sends a signal to the positioning so- 
lenoid valve 31 to open the positioning solenoid valve 
31 allowing the return springs 1 to force fluid to move 
out of the centre chamber 24 through paths 27 and 32 
to path 30 and through port 34 into the hydraulic piston 
assembly in an outside chamber 35, outside of the rack/ 
piston walls 25. See Figures 4 and 5. Once the actuator 
has reached the desired position, the positioning sole- 
noid valve 31 is closed to maintain the actuator in the 
desired position. 

[0029] Figure 4 shows a top view of the internal flow 
paths as they are preferably contained within the actu- 
ator casing, with flow path 27, containing check valve 
11, being located directly above flow path 30 (see also 
Figure 1), and flow paths 32 and 28 being located in the 
same vertical plane within the actuator casing. 
[0030] The positioning controller can be any one of 
various types of market-available positioning devices 
capable of controlling at voltages compatible with motor 
and solenoid requirements of an actuator according to 
the invention. The voltage requirements of a particular 
actuator according to the invention will vary depending 
on the size of power requirements of the valve and ac- 
tuator. 

[0031] The forgoing are but a few of the many ways 
in which the present invention may be embodied. The 
above embodiments are offered for purposes of illustra- 
tion only and are not limiting. Accordingly, it is intended 
to protect all subject matter defined by the accompany- 
ing claims and equivalents thereof. 

Claims 

1. An electro-hydraulic actuator comprising: 
an actuator casing; 

a piston/rack means (5) in said casing having 
walls (25) reciprocating to effect linear move- 
ments, said reciprocating walls (25) defining a 
centre chamber (24) therebetween and two 
outside chambers (35) inside said casing; 
an output shaft (22) in communication with said 
piston/rack means (5), said output shaft (22) ef- 
fecting rotational movements in response to the 
linear movements of said piston/rack means 
(5); 

resilient return means (1) in each of said two 
outside chambers (35) engaging said recipro- 
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eating walls (25) of said piston/rack means (5) 
and inner end walls of said casing, said resilient 
return means (1) biasing said reciprocating 
walls (25) of the piston/rack means (5) to a 
closed position; 
a pumping means (8); 

a primary internal flow path (27) for transferring 
hydraulic fluid from said pumping means (8) to 
a first output port (23) and into said centre 
chamber (24), said hydraulic fluid in said centre 
chamber (24) causing said piston/rack means 
(5) to expand in said casing to transmit said lin- 
ear movements to said output shaft (22); and 
a fail-safe solenoid valve system having a sec- 
ondary internal flow path (28) connecting to and 
extending from said primary internal flow path 
(27) to a second outlet port (34) opening into at 
least one of said outside chambers (35), and a 
normally closed solenoid valve (29) in said sec- 
ondary flow path (28) preventing flow through 
said secondary internal flow path (28); 
wherein, upon loss of power to said actuator, 
said fail-safe solenoid valve (29) opens to 
thereby cause said resilient return means (1 ) to 
force hydraulic fluid ut of said centre chamber 
(24), through said primary and secondary inter- 
nal flow paths (27 and 28), into at least one of 
said outside chambers (35), so that said piston/ 
rack means (5) is returned to a closed position 



3. An electro-hydraulic actuator according to Claim 2 
wherein at least one of said internal guide rods (4) 
contains said first output port (23) from said primary 
flow path (27); and wherein fluid flowing to and from 
said primary flow path (27) to said centre chamber 
(24) flows through said at least one internal; guide 
rod (4) and said first output port (23) in said internal 
guide rod (4). 

4. An electro-hydraulic actuator according to any one 
of the preceding claims further comprising a posi- 
tioning solenoid valve system, said positioning so- 
lenoid valve system including 



8 

(31 ) is opened by a positioning controller allow- 
ing said resilient return means (1) to force hy- 
draulic fluid out of said centre chamber (24) 
through said primary and tertiary internal flow 
s paths (27 and 32) and into at least one of said 

outside chambers (35) and to move said piston/ 
rack means (5) to a partially closed position 
whereby said positioning controller closes said 
positioning solenoid valve (31). 

10 

5. An electro-hydraulic actuator according to Claim 4 
wherein said positioning solenoid valve (31 ) has a 
smaller flow capacity than said fail-safe solenoid 
valve (29). 

15 

6. An electro-hydraulic actuator according to any one 
of the preceding claims wherein said piston/rack 
means (5) is capable of transmitting linear move- 
ments into rotational movements of up to 360 de- 

20 grees for said output shaft (22). 

7. An electro-hydraulic actuator according to any one 
of the preceding claims wherein said pumping 
means (8) comprises a gerotor positive displace- 

25 ment pump (18). 

8. An electro-hydraulic actuator according to any one 
of the preceding claims comprising 

a push rod (14) for monitoring the position of 
said piston/rack means (5); and 
a limit switch (1 3) for stopping pumping of said 
pumping means (8) when said push rod (14) in- 
dicates said piston/rack means (5) is fully open. 

9. An electro-hydraulic actuator according to any one 
of the preceding claims further comprising 

a check valve (11) located at the outlet of the 
pumping means (8) for preventing backflow into the 
40 pumping means (8). 

10. An electro-hydraulic actuator according to any one 
of the preceding claims wherein said output shaft 
(22) drives a valve. 

45 

11. An electro-hydraulic actuator according to any one 
of Claims 1 to 9 wherein said output shaft (22) drives 
one of a damper or louvre. 

50 12. An electro-hydraulic actuator according to any one 
of said preceding claims wherein said resilient re- 
turn means (1) comprises springs. 



a tertiary internal flow path (32) connecting to 
and extending from said primary internal flow 
path (27) to said second outlet port (34); and 
a normally closed positioning solenoid valve 
(31)in said tertiary flow path (32) preventing ss 
flow through said tertiary flow path (32); 
wherein, to partially close said actuator piston/ 
rack means (5), said positioning solenoid valve 



for rotating said output shaft (22). 30 

2. An electro-hydraulic actuator according to Claim 1 
further comprising at least one internal guide rod (4) 
for guiding said linear movements of said piston/ 
rack means in the casing. 35 
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Fig. 2a 
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(54) Electro-hydraulic actuator 

(57) An electro-hydraulic valve actuator comprising 
an actuator casing, a piston/rack means (5) in the cas- 
ing; an output shaft (22) in communication with the pis- 
ton/rack means (5) for driving a valve, the output shaft 
(22) effecting rotational movements in response to the 
linear movements of the piston/rack means (5); resilient 
return means (1) biasing the reciprocating walls (25) of 
the piston/rack means (5) to a closed position; a pump- 



ing means (8); and a fail-safe solenoid valve system. 
Upon loss of power to the actuator, the fail-safe solenoid 
valve (29) opens to thereby cause the resilient return 
means (1 ) to force hydraulic fluid out of the centre cham- 
ber (24) through the primary and secondary internal flow 
paths (27 and 28), into at least one of the outside cham- 
bers (35), so that the piston/rack means(5) is returned 
to a closed position for rotating the output shaft (22) to 
drive the valve. 
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